A 64-year-old female presented with an incidentally-discovered right posterior inferior cerebral artery (PICA) aneurysm, initially treated in 2015 by simple coiling. Follow-up demonstrated significant coil compaction that required retreatment. Retreatment was done uneventfully using a Pipeline embolization device (PED) shield deployed starting from the basilar artery and ending at the V4 segment of the vertebral artery. Eight-weeks post-deployment, a follow-up digital subtraction imaging (DSA) and intravascular imaging with optical coherence tomography were obtained. The intravascular imaging demonstrated that the flow diverter had good wall apposition and concentric neointimal growth over the braid with exception to the areas that the PED was not in contact with the endothelial wall, such as at the right PICA ostium and at the vertebrobasilar junction. The entire procedure was safe, and the patient had no complications. In this article, we describe for the first time the assessment of the status of endothelial "healing" of the PED shield at 8-weeks.
INTRODUCTION
Flow diversion devices are widely used for the treatment of intracranial aneurysms. The safety and efficacy of the first generation Pipeline embolization device (PED; Medtronic Neurovascular, Irvine, CL, USA) have been demonstrated in many clinical studies where most of the adverse events were ischemic. 1 PED Flex with Shield Technology (PED Shield) was introduced using shield technology to decrease its thrombogenicity. 2 Optical coherence tomography (OCT) is an intravascular imaging technique ideal to evaluate the healing of vascular implants since it provides a histopathological view of the device and vessel wall. 3 It is unclear the impact of surface modification on the neointimal formation over the implanted device. In this article, we describe the status of the neointima development over the new PED shield at 8-weeks post-implantation.
CASE REPORT
A 64-year-old female presented with an incidentally-discovered right posterior inferior cerebellar artery (PICA) aneurysm initially treated by coiling. Follow-up demonstrated recanalization with significant coil compaction that required retreatment. We thought that further coiling might compromise the flow through the PICA and that it would be very probable in the future to have a similar recanalization with the same treatment strategy with coils. The PED Shield was uneventfully used from the basilar to vertebral artery across the origin of PICA and the coiled aneurysm. The patient received dual antiplatelet therapy one week before the procedure. At 8-weeks, clinical and imaging follow-ups were obtained. There were no thromboembolic complications; on digital subtraction imaging (DSA), the aneurysm was stable with preserved blood flow through the PICA (Fig. 1) . OCT imaging was planned to evaluate the degree of neointimal growth over the stent to assess the possibility of removal of one of the antiplatelet agents in favor of PICA aneurysm occlusion.
OCT image technique
After obtaining the patient's consent, our endovascular access used a radial artery approach. A 6 F Sofia distal access catheter (Microvention/Terumo, Tustin, CA, USA) over a 0.014" Traxcess microguidewire (Microvention/Terumo) was advanced through the right vertebral artery into the basilar artery using the standard technique. During the procedure, we used a continuous saline flush in our catheters. The patient was heparinized (5,000 IU) and under general anesthesia. The C7 Dragonfly, a monorail 2.7 F OCT catheter (St. Jude Medical Inc., St. Paul, MN, USA), was advanced inside the distal access catheter (Fig. 1) . The OCT image was generated as the optical fiber in the catheter moved using an automated pullback system during simultaneous contrast infusion at a rate of approximately 3 mL/sec. Imaging of about a 5 cm segment of the vessel was achieved with a 15 mL contrast injection necessary to obtain clear images. The OCT system C7 Dragonfly Intravascular Imaging Catheter is more rigid compared to conventional neurointervention systems and potentially traumatic if not carefully navigated. The fiber optic inside the catheter is sensitive to manipulation and presents a risk of fracture during navigation in tortuous vessels, but does not present a risk of catheter fracture or intravascular migration. There were no complications during the procedure.
OCT image interpretation
OCT images demonstrated excellent visualization of PED Shield struts, device wall apposition, and neointima development. Concentric neointimal growth over the PED Shield braid was evident in all areas that the device was well apposed against the vessel wall. No neointima was seen at this 8-week follow-up in areas of device malapposition as well as areas with no contact with the endothelial wall such as the vertebra-basilar junction, perforator, and PICA origin. No thrombi were found on the exposed part of the PED Shield. Normal arterial wall imaging was evident both proximal and distal to the flow diverter. No dissection, intimal tear, or stent stenosis were found (Fig. 1) .
DISCUSSION
The PED Shield, the third generation of PED, has been introduced to potentially improve its thrombogenic profile. In comparison to other flow diverters, the PED Shield showed a lower thrombogenic profile in vitro, 4 ex vivo model, 5 and clinical studies. 2 OCT imaging has been used with flow diverters in cadaveric 6 and animal studies where the PED Shield was less likely to form acute thrombus on its surface, 7 and has a tendency for earlier and evenly-distributed concentric neointimal formation compared to other stents and flow diverters. 8 Neurovascular OCT imaging faces multiple technical challenges and is currently off label in the USA. The current commercially-available OCT technology requires perfect timing of contrast injection and catheter pull back. The collateral circulation through the circle of Willis quickly will "contaminate" the OCT image with blood. This limits the location and length of OCT imaging that can be obtained. The second challenge is the tortuosity of the cerebral blood vessels. 6 The third potential challenge is the profile of the current system, which makes the possibility injury to the blood vessels and complications that may potentially eliminate the benefit of OCT diagnostic imaging. 9 Previous reports raise the concern that clot formation can occur at the level of the exposed device braid at the ostia of 132 side branches. 7 This may be a very important differential for devices with surface modification. Another very convincing finding was the relatively early (8-weeks post-implantation) full endothelialization seen for the well-apposed PED Shield to the vessel wall. Surface modified devices may have an earlier neointimal formation confirming reports from an animal study suggesting that the PED shield has faster endotheliazation than a regular PED. 8 OCT intravascular imaging is a promising tool for assessment of intracranial stents and flow diverters. We foresee many improvements on this technology that would allow us in the near future to incorporate intravascular imaging in our pre-, intra-, and post-procedural evaluation in an effort to improve even more our outcomes in neurointervention. OCT pre-procedural assessment can provide accurate vessel measurement and superior intravascular anatomy visualization in comparison to any other method. Intra-procedural OCT assessment can visualize strut wall apposition, intra-strut tissue prolapse, stent measurements post-deployment, microthrombi on the strands, and assessment of perforators. Post-procedural follow-up includes evaluation of wall apposition, tissue response (healing), thrombus formation, stent stenosis, dissection, and assessment of the perforators and side branches at their take off. 3 There are many limitations to the use of commercially-available OCT imaging for neurovascular applications. The off-label use of OCT imaging of the vertebrobasilar system in this case was technically straightforward and safe. The information regarding the status of the endotheliazation of the device is crucial to assist with determination of the course of antiplatelet therapy. The most impressive findings were complete endothelial coverage over all well-opposed PED shield segments that were in contact with the vessel wall at 8-weeks and no thrombi on the exposed portions of the braid at the level of the patent jailed vessels. This could potentially have an impact on the length of dual antiplatelet therapy needed post flow diversion.
